| INTRODUCTION
Haemophilia A and B are X-linked recessive diseases that result in a deficiency in coagulation factor VIII and IX respectively. These low levels of factor cause a decrease in thrombin formation, which in turn promotes haemorrhage into articular joints. 1 The resultant blood products stimulate chondrocyte apoptosis, synovitis and subchondral bone changes, leading to arthropathy. 2 Even a single episode of haemarthrosis can potentially increase the risk of poor long-term joint outcomes. 3, 4 Accurate diagnosis and timely therapy of joint haemorrhage are then critical to patient care.
Investigators utilize physical assessment for diagnosis; however, recent studies have shown that the physical exam alone lacks accuracy in determining the extent of haemarthrosis and its resolution. 3, 5, 6 As a result, patients/providers may prematurely lower their factor treatment doses and return to normal physical activity, which may lead to re-bleeding. Several imaging modalities are used in the diagnosis of haemarthrosis. Ultrasound (US), when compared to magnetic resonance imaging (MRI) and computed tomography (CT), is quick, non-ionizing, inexpensive and accurate in diagnosing soft tissue abnormalities in patients with haemophilia. 3, 7 Point-of-care-ultrasound (POC-US) has recently gained recognition in its use as an adjunct tool in the haemophilia setting. 6, 8 However, the user dependency of POC-US necessitates that users be properly trained and competent in the technology to avoid misuse and misdiagnosis. Guidelines and recommendations should be established to facilitate appropriate training, use, and implementation of POC-US as a diagnostic tool in haemophilia.
| POC-US OVERVIEW
POC-US, and US performed in a diagnostic imaging department, each have distinct indications and outcomes. Diagnostic US is traditionally used to systematically map out normal and abnormal anatomy, assess function and provide guidance for diagnostic and interventional procedures. Additionally, these examinations are performed by credentialed diagnostic medical sonographers and interpreted by radiologists, both having dedicated training and access to the appropriate equipment and infrastructure.
POC-US, on the other hand, is goal-orientated and is utilized to provide immediate critical information to the healthcare practitioner (HCP).
The Canadian Association of Radiologists has defined POC-US as an examination provided by a HCP, to be used in adjunct to the physical examination to identify the presence or absence of a specific finding. 9 In the context of haemophilia, POC-US offers several benefits. POC-US eliminates waiting times for diagnostic imaging in radiology, verifies the presence or absence of haemarthrosis, monitors response to factor treatment, provides evidence to inform decision-making around physical activity, and identifies pain not related to an acute bleeding event. 6, 10, 11 To capitalize on the benefits of POC-US in haemophilia management, a robust implementation strategy is needed. From the ex- 
| Training standards
Standards in training must be developed to support quality outcomes and user competency. The IFEM and the ASE agree that a mixture of didactic and hands-on training is optimal. 7, 13 These courses must equip HCP's with manipulative imaging skills, be accessible, and be able to provide a solid foundation for critical thinking. Furthermore, it is recommended that curriculum design be made in consultation with educators/curriculum design specialists in sonography.
| Didactic modules
Didactic modules should include:
• Anatomy, ultrasound physics, controls, image interpretation and optimization, transducer choice, bio-effects, Doppler ultrasound, indications, joint imaging protocols and common image artefacts. 7, 9 • Integrated learning activities including: videos, quizzes, consolidating questions, image critiques. 14 • Additional modules may be created as appropriate. For example, advanced courses for joint arthropathy and muscle bleeding in haemophilia for users with these clinical needs.
| Supervised scans
• Each POC-US user must be exposed to practical scanning until competencies have been met and validated by an expert. 9, 13, 14 • Laboratory-based sessions must be under the supervision of an expert, and groups should be at a participant/tutor ratio of less than 5:1 to allow adequate supervision. 14 • Experts should promote discussions and integrate question and answer periods during laboratory sessions to ensure active learning. 
| Competencies
• Global skills that need to be achieved after training include the ability to generate and optimize images, critique exams and adequately incorporate information into clinical decision-making.
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• Specific objectives must be created per competency and protocol being taught. These skills must be applied on simulated or real patients and assessed by a tutor/expert. 13 • Proficiency in one protocol does not necessarily translate into proficiency in other areas of POC-US. Practitioners should limit practice to the applications in which they have been trained and assessed.
| Appropriate use
The use of POC-US is operator dependent, and the risk of misdiagnosis is high when used improperly or by inexperienced practitioners. 15 Guidelines and institutional protocols should be established to ensure
proper implementation of the technology into clinical practice. This tool should be limited to only the practitioners who have the knowledge, skills and judgement to utilize POC-US in a haemophilia setting. 
| Institutional protocols
• Protocol development, scope of practice and medical directives for POC-US in haemophilia should be created in consultation with radiology/sonography subject experts. • Limiting the number of images, interrogations and video clips to only those needed to answer the clinical question.
• Limiting caliper measurements to determine relative size and change over time.
| Image documentation and storage
• Images should be stored in a DICOM format in a secure location or hard drive. 7, 16 • Images should have the following information readily seen: Date/ time/name/patient/age/DOB/sex/user initials. 7, 16 • Standardized impression reports specific to the institution should be created and state the following: Indication, POCUS user AND/ OR Attending physician, location of US, date, patient name and age, impression based on physical and ultrasound examination. 
| Disclosure to patients
• The POC-US user must disclose to the patient the limitations and the scope of the examination regarding what POC-US can and cannot do.
These include: the purpose of the examination, the scope of POC-US and the need for diagnostic imaging consultation if warranted. 
| Diagnostic imaging referral
• In cases where the imaging findings are not consistent with the physical assessment, ambiguous/unclear or indicate other pathological findings not under the scope of POC-US, the patient should be referred to the diagnostic imaging department for a comprehensive ultrasound examination. 
| Quality assurance
Although HCPs can receive proper training in POC-US to become competent in the technology's use, and while institutions may develop protocols that limit its improper use, POC-US users must still maintain their competence over time. Maintenance of competence can be achieved through participation in peer review, community of practice and/or continuing education programmes. The equipment used for POC-US should be appropriate and regularly maintained.
| Continuing medical education & peer review
• The extent and occurrence of continuing medical education (CME)
should be based on the number of protocols, techniques and level of mastery in POC-US needed. Utilization of the skill following training and ongoing practice through clinical application is essential to maintenance of competence.
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• CME credits may be attained through web-based formats of quizzes, peer-review image critiques and/or review of journal articles. 
| Equipment choice & maintenance
• Although no specific manufacturer or ultrasound system type is necessary, the machine should be able to perform US examinations on multiple types of body habitus and capable of the following:
2D Grey scale imaging, Doppler Imaging, Power Doppler imaging, Cine-loop.
• Additional and recommended software upgrades include: Extended field of view, wide-scan imaging, harmonic imaging, spatial compounding and real-time adaptive filters
• Probe selection is also at the discretion of the institution, but consultation of diagnostic imaging is recommended to ensure adequate imaging probes are chosen for the desired patient population.
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• Proper infection control must be established; this can be achieved by wiping the transducer with transducer safe alcohol disinfectant after every use.
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• Software updates are based on the manufacturer recommendations.
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• Annual inspection of the transducer/machine for image quality and malfunction should be conducted. 
| CONCLUSION
The utilization of point of care ultrasound as an adjunct to the physical examination has the potential to improve health outcomes in patients with haemophilia. However, in order to preserve the quality of patient care, it is necessary to acknowledge the importance of appropriate use of the technology, the need for formal training and competency attainment, quality assurance, infrastructure and maintenance of competence.
While these guidelines were created in the context of a Canadian model of care, the concepts can be applied globally and should be adapted to local regulations and scope of practice. As is the case with all areas of healthcare practice, having the knowledge, skills and judgment to perform a task is critical. As such, point of care ultrasound should be respected for the complexity of the technology and the skill required to interpret it. 
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